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(54) Rotary bit having shear cutting elements 

(57) A rotary earth-bo n'ng bit has cutters mounted for rotation on bearing shafts, each cutter having a 
plurality of cutting elements arranged in generally circumferential rows, including a heel row and inner rows. 
At least one of the cutting elements 51 1 in one of the inner rows has a crest 517 at least partially formed of 
super-hard material 521 that defines a cutting edge 519 and cutting surface for shearing engagement with the 
bottom of the borehole during drilling operations, the remainder 515 of the cutting end of the element being 
formed of hard, fracture-tough material for crushing engagement with the bottom of the borehole. 
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At toast one drawing originally filed was informal and tlie prim rapioduoed here is taken from a later filed formal copy. 
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2316112 



EAJRTH-BORING BIT HAVING SHEAR-CDTIING 
INNER ROW ELEMENTS 



10 



FIdd of the Invention; 

The present invention tdates to ear&-bonng bits of the rolling cutter variety. 
SpedficaUir, the present invention rdates to the outtiDg structure of earth4x>ripg tits of tiie 
15 rc^liqg cutter vaii^. 

Background Lifonnation: 

The success ofrotaiy dxiUitg enabled the discovery of dee^ The 
rotary rock Ut was an important htventbn that made that success possible. Only soft 
20 fibnnadons could be commerciaSy penetrated but With die earlier dcag tnt^ but the onginal 
rdling-oone lock tnt invented fay Howard R. Hug^es^ U.S. Patent No. 939,7S9» drilled the 
hard caprockat the Spindldop field, near Beaumont Texas^ vvilh relative ease. 

That veneraUe invention, vntim the first decade of this centuiy, could drill a scant 
25 fi^action of the dq>th and speed of the modem rotaiy rode tuL IFtheori^na! Hi^es bit 
drilled for hours^ tlw modem bit drills fi>r d^. Bits today often drill for xsatos. Many 
individual improvements have contributed to the impressve overall improvement in the 
peifi>n2)anoe of rock bits. 



30 Rolling-cone earth-boring bits generally eoaploy cutting elements on the 

cutters to induce contact stresses in the fomoation being drilled as the cutters tdH over 
the bottom of the borehole during drilling operation. These stresses cause the rode to &il, 
resulting in disintegration and pen^tion of the fomtiation material bdng driUed 
(Conventionally, the cutters roll on axes that are oflfeet, or do not coindde with the geometric 

35 or rotational axis of the bit 0£&et cutters do not purdy roll over the bottom of the borehole, 
but also slide, inq)arting a gougii^ and soaping action to the cut^ 
the cmshtng mode of disn^ltation of fomutfion m^^ 

Shear Guttii^ is a diantegration mode that is ipt taten nuDQ^ 
roUing-cutter earih-boring bit fidd as it is in the fixed-cutter or drag Ik fidd. Shearing 
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5 fonnation material is the dommant dmnt^ration mode b fixed-cutter or drag bits^ \^ch 
common^/ mploy super^iaid, Ughty wear-reastant cutting elements to shear fonnation 
material at the bottom and adewall of the borehole. 

Commonly assigned US. patent No. 5^87,936, FAniaiy 22, 1994 to Grimes et al. 

10 disdoses a shear-cutting gage cutting structure for earth-boring bits of the rolling cutto- 
variety. U.S. Patent No. 5,282,512 discloses cutting elements for a rolling cutter bit with 
diamond-charged dements on the forward and central zones of the cutting dements to 
enhance the shearing or scraping mode of formation disintegration. As shown by U.S. Patent 
No. 5,287,936, the shearing mode of disintegration is particulariy advantagecHJS employed at 

15 the comtf and the ^dewaQ of the bordiole, where the gage or diameter of the borehole is 
defined. Maintenance of a foil gage or diameter borehole is important to avoid sticking of 
die bft or other downhole equipment and to avoid the necessity of reaming operations to 
restore Ifae bordiole to the fijil gage or diameter condidoa 

20 A need exists, therefore, for earth-boring bits of the rolling-cutter ^ely haviqg 

cutting structures that take advantage of the shearixig mode of formation diant^ration in 
addition to the crushing and gouging modes. 

SUMMARY OF THE INVENTION 

25 & is a general ot:9ect of the present invention to pn>vide an earth-borii^ bit of roUii^ 

cutter variety having a cutting stnicture i^th inner row cutting dements adapted to 
shearing)^ engage fonnation material during drilling operatioa 

This and other objects of the present invention are accomplished by providing an 
30 earth-boring bit having a bit body and at least one cantilevered bearing shaft dq>ending 
inwardfy and downwardly fix>m the bit body. A cutter is mounted for rotation on the bearing 
shaft and indudes a plurality of cutting dements arranged in generally circumferential rows, 
induding inner hed rows, of cutting dements. At least one of the cutting dements in one of 
the inner rows has a crest at least partially formed of super-hard material that defines a 
35 cutting edge and cutting sur&oe for shearing engagement with the bottom of the borehole 
during drilling operations, the remairKler of the cutting end of the dement is fonned of hard, 
fi^cture-tough material for oushing engagement with the bottom of the bordiole. 

According to one embodiment of the present invention, the cutting edge is drcular 
and defines a conical cutting sur&c& 

- 2 - 



07/10/2002, EAST Version: 1.03.0004 



5 According to one embodiment of the present invention, the cutting edge is polygonal 

and the iMersections of the ^es of the cutting edge define plow edges. 

According to the prefoted embodiment of the present invention, the super-hard 
portion is polycrystalline diamond, the remainder of the cutting element is formed of 
cemented tungsten caifoide, and the dement is interference fit into an aperture m the cutter 
10 sui&ce. 

DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perq)ective view of an earth-boring bit accordi^ 

invention. 

15 ligure 2 is an devation >dew of a heel cuttiAg dement of the earth-bori^g bit of 

Figure 1. 

Figure 3 is a plan view of the cutting dement of Figure 2. 

20 Figure 4 is an devation view of another embocfim^ of the hed cutting dement 

according to the present invention. 

Figure 5 is an devation view of a hed cutting dement aoc(»ding to die present 
invention. 

25 Figure 6 is a plan >dewoftbecutdi% dement of Figure 5. 

Figure 7 is an devation view of a hed cutting dement aocordii^ to the present 
invention. 

30 Figure 8 is a plan view ofthecuttit^ dement of Figure 7. 

Figure 9 is an devation view of a hed cutting dement according to the present 
invention. 

35 Figure 10 is a plan view ofthe cutting dement of Figure 9. 

Figure 1 1 is an devation \iew of an inner row cutting dement accordii^g to the 
present inventioa 
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5 I%tre 12 is a plan view ofthe cutting dement of ^ 11. 

Figure 13 isaneQlatgeddevationviewofaportionofthecuttit^dement ofFig^ 

11. 

10 Figure 14 is an devation ^ae^v of another embodiment of an inner row cutting 

dement according to the present invention. 

Figure IS is a plan ^ew of the cutting dement of Figure 14. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Refening now to &e Figures^ and paiticulaily to Egure 1, an earth-boring bit 
11 aoo(»ding to the present invention is iOustraled Bit 11 indudes a bit body 13, is 
threaded at its upper extent IS fi)rcoimection into a drillstiin^ Each 1^ or section of bit U 
is provided with a lubricant compensator 17, a prefened embodiment of v/bkh is disdosed in 
U.S.PatemNo.4;276,946. Mjf?, 1981toMiIlsq>ps. At least one nozde 19 is provided in 
bit body 13 to spn^ diilliqg fluid £rom mtUn the diiUstriqg to cool and hihricate bit 11 
during driOipg operatioa Three cutters, 21, 23, 25 are rotatably secured to a bearing sba^ 
assodaied with each leg of bit hoiy 13. Each cutter 21, 23, 25 has a cutter shdl surfioe 
induding a ^ge suffice 31 and a hed suifiice 41. 

A plurality of cutting dements^ in the fonn of hard metal inserts^ are arranged m 
general^ circumferential rows on each cutter. Eadicutter21, 23, 25hasagagesurfioe31 
widi a row of gage dements 33 thereoa A hed sur&ce 41 intersects each gage suffice 31 
and has at least one row of hed inserts 43 thereon. At least one scraper dement 51 is 
secured to the cutter shdl suffice generally at the intersection of gage and hed suffices 31, 
41 and generally intennediate a pair of bed inserts 43. 

The outer cuttixig structure, compri^ hed cutting dements 43, gage cutting 
dements 33, and a seoondafy cutting structure in the form of scraper d^ents 51, consbine 
35 and cooperate to crush and scrape formation material at the comer and sidewall of the 
borehole as cutters 21, 23, 25 roll and slide over the formation mat^ial during drilling 
operatioa The primary cutting structure accotrq}Iishing this task is the outer ends of hed 
cutting dements 43, while scraper cuttiiig dements 51 form a secondary cutting structure 
assisting the hed dements 43. As the outermost suffices of hed cutting dements 43 wear, 
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5 gag^cutdi^ dements 33 engage the ^dewaU of the to The 
wear reastance and cutting eflSdency of heel cutting dements 43 is enhanced by forming a 
portion of the outer end or outermost sur&ce of dements 43 of a super-hard material 
defining a cutting edge for shearing engagement with the ^dewall of the borehole, as 
deleted in greater detail m Figures 2, 3, and 4. The rows of cutting dements inward of hed 
10 rows 43 are referred to as inner rows^ and there are several on each cutter. 

Figures 2 and 3 are devation and plan views, respectivdy, of a hed cutting dement 
43 according to the preferred embodiment of the present inventioa Cutting dem^ 43 
comprises a genially cylindrical dement body 61, whidi is preferably formed of a hard metal 

15 such as cemented tungst^ carbide and is secured by interference fit in the cutter shdl 
sur&ce. The cutting end of dement 43 indudes an inner end 63 and an outer end 65, the 
terms inner and outer being d^ned rdative to the center line of bit body 13, inner bdiig 
doser to the center fine and outer being more dSstaiit from the center 1^^ 
oftlieb(HdK>Ie. Apairofflanks67,wfaidicoiwe[seatanai^etodefineaaiest69, 

20 ends 63, 65 of dement 43. 

A portion of outer end or sur&ce 65 of dement 43 is formed of super-hard matmal 
71, v^cfa is flush with crest 69 and defbes a cutting edge 73 fo^ 
thesidewalloftfaeborefade. Siq)er4iard materiak include naturd diainond, poly^^ 
25 diamond, cuUc boron nitride and similar materials haviiig hardnesses in excess of 2800 on 
die Knoop hardness scde. Super-hard materials are to be disdi^guished fix)m cemented 
carbide materials and other hard metals, and are the materials used to cut, grind, and shape 
hard melals and other anular materials. 



30 Preferably, as stown in Figure 3, super-hard materid 71 is a polygonal wedge of 

polycrystalline diamond cut froma drcular diamond table. Wedge 71 is secured to dement 
43 by brazir^ as disdosed in common^ asagned U.S. Patent No. 5,355,750, October 18, 
1994 to Scott et aL Wedge 71 can also be formed integrally with dement 43 in a high- 
pressure, high-temperature ^)paratus as disdosed in commonly asagned U.S. Patent No. 

35 5,355,750. 

Figure 4 is an devation view of another embodiment of a cutting demait 143 
according to the present invention. Unlike the embodiment of Figures 2 and 3, vAich is 
generally chisd-shaped and easily permits definition of a cutting edge 73 of supo-'hard 
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5 material 7 1 , dement 143 has an ovoid cuttiag end that does not deariy define inner and outer 
Olds ordanks, but does define a crest 169. 

Element 143 has a flat outer surface 165 superunposed on the ovoid portion and 
adapted for enigagement with the sidewall of the bordiole during drilling operadoa A disk 

10 171 ofsuper^ianl material projects beyond outer suifioe 165 and defiites a 173 
for shear^uttii^ engagement with the sidewaU of the bord^ Preferabty» the cutting edge 
projects no gi:eater tium 0.060 inch to avdd subjecdqg super-hard material 171 to excesave 
bendipg loads. The bevd of disk 171 provides a cutting or dup-breakiiig surfioe 175 that 
d^nes a negative rake ai^e ^tfa xespoct to the adewaU of bcmhole. In this 

1 5 enibodimeiit^ disk 171 is a portion of 8iq)a-hard ccxe or cylinder extendiiig through dement 
143. 

Hgures 5 and 6 are devation and plan \iews of a cuttir^ dement 243 according to 
the present inventioa CuttiiigdemeQt 243 is of tiiedusd-shsq)ed configuration^ 

20 c^ndrical body 261 formed of cemented tungsten carbide. Inner and outer surfices 263, 
265 and a pair of flanks 267 converge to define a crest 269 to avoid exposare to impact toads 
oocurrir^ at the crest. Outer sur&ce 265 is niachnied flat in this embodiment Abevded 
disk 271 of super-hard material projects b^nd outer sur&ce or end 265 and defines a 
cuttii^ edge 273 for shearing engagement with the adewaU of the bordiole that is recessed 

25 fit>m crest 269. Disk 271 of super-hard material is bevded to pro\ide a cuttinig or cfaip- 
breakiiig sur&oe 275 that defines a n^ative rake ax^e vAik respect to die sidewall of the 
bordiole during drilling opexatiorL 

Figures 7 and 8 are devation and plan views, respectivdy, of another cutting dement 
30 343 according to the pres^ inventioa Cutting dement 343 is configured such that when 
cylindrical body 361 is secured by interference fit in an aperture in hed surfice 41. crest 369 
of cutting dement 343 is oriented transveisdy to the axis of rotation of each cutter 21, 23, 
25. Thus, flanks 363, 365 of cutting dement 343 define the inner and outer sur&ces of 
cutting dement 343, rather than the ends in more conventional dusel-shaped cutdng 
35 dements. These larger sur&ce areas are more wear-resistarit that the smaller ends. A disk 
371 of super-hard material is secured to outer flank 365 and defines a cutting edge 373 and 
cuttix^ sur&ce 375 for shearing ^igagement with the sidewall of the borehole. 
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5 Figures 9 and 10 are plan and devation views^ respectively, of another chisd-shaped 

cutdng dement 443 according to the present invention. A pair of flanks 467 converge fix)m 
(^lindrical body 461 to define a crest 469 formed of the cemented tungsten carbide material 
of body 461. A o^est or cutting edge 473 of super-bard mat&ial 471 is formed on the outer 
end 465 and is recessed aknost to the int^secdon of body 461 and end 465. With this 
10 recess, cutting edge 471 and cutting sur&ce 475 are portioned to scrape the ddewall of the 
borehole finther from the comer and bottom of the bordiole, rendering cutting dement 443 a 
more secondary cuttir^ structure. 

Figures 11-15 illustrate emboifimeats of cutdqg dements adapted for shear cutting 
15 application in the inner rows of cuttir^g dements, inward of hed row cutdng dements 43, 
143,243,343,443. Hgures 11 and 12 are devation and plan views, respectivd|y, of an inner 
row ditdng dement 511 accordirig to the present inventioa Cutting dement 511 comprises 
a ^eraOy c^indrical body 513 fontncd of conventional fiaclur&4ougb hard metal, preferably 
cemented tuqgsten carbide. A corned cutttrig end 515 extends from qiindricdbod|y 513 a^ 
20 converges to terminate in an crest 517. Abhou^ a corneal dement is tOustraied, other 
shapes, sudi as dusds, avoids, and the like may be equaDy sm^ 
Crest 517 is formed at least partially of siq>er-hanl material, pr^rably poIycrystaUine 
diamond, as described above, and defines a circular cutdng edge 519 and a generally oorucal 
cutdng suifiboe 517. Duiirig drilfirig operation, cuttiiig edge 519 and cutdng surfice 521 
25 sfaeaiir^eqg^e the bottom ofthe borehole to induce fracture of formation inatefiaL The 
remainder of cutdr^ ml 51 5 is formed of fiacture-toug^ cemented tungsten carbide to crush 
the bottom of the bordiole. 

Figure 13 is an enlarged, partial devation view of the crest of cutting dement 511 
30 illustrated in Figures 11 and 12. As illustrated, cutting surface 521 intersects the flat upper 
sur6ce of the super-hard material to define a sharp cutting edge 519. The angle of the 
intersection a is prefoably between 15 and 60^ from vertical to define a negative rake ai^gle 
wxtii respect to formation matoial engaged by cutting edge 519 and cutting sur&ce 521. 

35 Figures 14 and 15 are devation and plan views, respectivdy, illustrating anotha- 

embodiment of a shear-cutting inner row cutting donent 611 according to the present 
invention. The embodim«it illustrated in Figures 14 and 15 is amilar to that of Figures 1 1- 
13 and 'mdudes a cylindrical body 613 formed of cemented tungsten carbide. A conical 
cutting end 615, also formed of cemented tungsten carbide, extends from cylindrical body 
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5 613 and tenninates in a crest 617 foraied of super»haxxi material. While a corneal cutting 
dement is Dlustnated, other configurations^ such as ovoids^ chisds^ and the like^ are also 
contemplated by the present inventioa The flat upper suffice ofcrest 617 is in the fonn of a 
polygon, specifically a hexagon. Urns, a polygonal cutting edge 619 is defined. Eadiadeof 
the polygon constitutes a cutting edge 619 and defines a cone^nding cutting surface 621. 
10 Thus» in the endxxfiment of Kguies 14 and 1S» there are ax cutting edges 619, and cutting 
suifiices 621, Tlie intersections between the sides or cutting edlges 619 of the hexagon or 
polygon form plow edges 623 substantially as disclosed in commonly assigned U.S. Patent 
No. 5,346,026, Sqptember 13, 1994 to Pessier et al., vAadti is incorporated herein by 
reference. 

15 

Durii^ drilfipg operafion, bit 11 is rotated and cutters 21, 23, 25 roll and slide over 
the bottom of the borehole and the cutting elements crush, gouge, and scrape the formation 
material. As bed dements 43, 143, 243, 343, 443 engage the adewall of die borehole, 
super-hard cutdtig edges 73, 173, 273, 373, 473 scrape and shear formaticm material on the 

20 sidewall and in the coma of the borehole. Scraper elements SI and gage dements 33 fiirther 
asast in scraping and sheaiit^ the sidewall and comer. The remainder of super-hard material 
71, 171, 271, 371, 471 on outer end or sui&ce 65, 165, 265, 365, 465 of hed elements 
resists abrasive wear ofthisiinpoitant area of cutting structure. The fi:acture4ous|i metal of 
the remainder of the hed dements 43, 143 243, 343, 443 ffves aest 69, 169, 269, 369, 469 

25 and flanks 67, 167, 267, 367, 467 suffident stretigth and tou^ess to withstand the impact 
loads enccHjntered by the cuttir^ elements eqga^ng the bottom of the bordiole. 

Sinularly, inner row cutting dements 511, 611 induce formation fiacture and Mure 
tfarou^ both shearing and oushing. Cutdng edges 519, 619 and sur&ces 521, 621 shear 
30 formation material while hard metal cutting ^ds 515, 615 orush and gouge formation 
material in the more conventional inner row disintegration mode. 

The earth-^ring bit according to the present invention has a number of advantages. 
A prindpal advantage is that the l»t according to the present invention is provided with a hed 
3 5 and inner row cutting structure that advantageously employs the shearing mode of formation 
disintegradort 
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The invention has been described with reference to pruned embodiments thereof 
It is thus'not Gmited, but is susceptible to modification and variation without departiiiig fix>m 
the scope and ^irit thereof 
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5 CLAIMS: 

L An eairtb-boripg bit comprising: 
atntbodjr, 

at least one cantilevered bearing shaft dq>ending inwardly and downwardly fiom the 
bhbody; 

10 a cutter mounted for rotation on the bearing shaft, the cutter including a plurality of 

cutting elements arranged in generally drcumferenlial rows on the cutter, the generally 
drcumferential rows incfaidir^g at least one inner row of cutting elements; 

at least one of the cutting dements in an inner row having a cutting end with a crest 
at least partially fi>rmed of super-hard material and definirig a cutting edge ft>r shearing 

15 eqgagemem with the botbrni of the borehole during drillii^operari 

2. Tlie eaifbrboriog bit according to claim 1 )»^iei^ 

of super-hard material with an adjacent corneal aitting surfiice tntei^^ 

3. The earth-borir^ bit according to daim 1 wherein the crest defines a polygonal cuttiiig 
20 edge definipg a phirality of ades, intersections between the sides of the polygonal cuttir^ 

edge d^mng plow edges. 



4. The eartfa4>oring bit according to daim 1 wherein the cuttir^ dement in t^ 

conical in con%iralion. and the cutting end bdow die crest is fonned of fiac(ure4ough hard 
25 metd for cnislm^engagenientv^ the bottom of the bordK) 

5. The earth-boring bit according to daim 1 v\Aierein the super-haid material is 
polyaystalline diamond and the remainder of the cutdr^ dement is formed of cemented 
turigsten carbide. 

30 

6. The earth4>oring bit according to claim 1 i^dierdn the cutting dements are secured by 
interference fit into apertures in the cutter sur&ce. 

7. The eaith-boring bit accontag to daim 1 whadn eadi cutting demwit in an inner row 
35 has a cutting end with a crest at least partially fonned of super-hard material and defining a 

cutting edge. 



8. An earth-boring bit comprising: 
a bit body; 
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5 at least one candlevered bearing shaft depending inwardly and downwanfly from the 

bit body; 

a cutter mounted for rotation on the bearing shaft, the cutter including a plurality of 
cutting dements anaz^ed in genially ctrcumferential rows on the cutter, the generally 
dxcumferential rows mchiding a plurality of inner rows of cutting dements; 
10 at least one of the cutting elements in an inner row having a cuttir^ end formed of 

fiiacture^ough hand metal and temunating in a crest at least partially formed of super-hard 
materia] and defining a cutting edge and cutting sur&ce for shearing engagement vnth the 
bottom of the bordiole durit^ drilling opeiatioa 

15 9. The eaxtb-boring bit according to daim 8 vAerdn the cutting edge is generally circular 

and the cutting surfice is generally oonicaL 

« 

10. The earfbteiiog bit acconfing to claim 8 wherem the cutting edge is polygonal and 
defines a phirality of ades» intersections between sides of the polygonal cutting edge definii^ 

20 plow edges. 

11. The eartfi4x>iinglnt according to daim 8 wherein the cutting dement in 

conical m oonfiguradon, and the cutting end bdow the crest is formed of fiacture-toug^ hard 
metal for crushing engagement witii the bottom of the bordiole. 

25 

12. The earth-boring hit aooonling to daim 8 wherdn die super-hard material is 
polyoystalline diamond and ifae renuuiuler of the cutting dement is formed of cemented 
tungsten carbide. 

30 13. The earth-boring bit according to daim 8 herein the cutting dements are secured by 
interference fit into apertures in the cutter sur&ce. 

14. The earth-boring bit according to daim 8 who-ein eadi cutting d«nent in an inner row 
has a cutting end with a oest at least partially fomied of super-hard material and defining a 

35 cutting edge and cutting sur&ce. 

15. An earth-boring bit comprising: 

abitbody; 

at least one cantilevered bearing shaft dq)ending inwardly and downwardly from the 
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bitbbdr, 

aicutter mounted for rotation on the bearing shaft, the cutter including a plurality of 
cutting doieots ananged in generally draun&rential rows on the cutter, the generaDy 
drcumferential row^ including at least one inner row of cutting dements; 

at least one of the cutting elements in an inner row being fonned of fiacture-tough 
tnateriai and having a OEttiitg end temnnating in a crest at lea^ 

material and defining a cutting edge for shear cutting engagement with the bottom of the 
boidiole during drilling operation, a portion ofthe cutting end bdow the crest bdng fonned 
of fiacture^oj^ material for cnishing engagement with the bottom ofthe bordiole during 
drilling opetatioa 

16. The earth-borii^ bit according to claim IS wherein the super^d material is 
polydystalline diamond and the fiacture-tough material is cemented tungsten cari)ide. 

17. The earth-4)oring bit according to daim IS v^eiein the cutting dements 
interference fit into apertures in the cutter sut&ce. 

18. Ibe earth-boring tntaococding to IS wfaecdn each cut^ 

is generally clusd-sfaq)ed and includes an inner end, an outer end, and a pair of ISanks 
convefgiog to define a crest» a portion of the outer end bdqg fonned of super-hard matmal 
to define a cutting edge recessed fiom the crest for shear cuttixig engagement with the 
sidewali of tibe boidKile. 

19« The eaitb4)oringlnt according to daim IS wherdn each aitri^ 

is ovoidand the cuttii^edlge of super-hard material b recessed fiom flie crest 

20. The eartb4)oriqg Int according to claim IS wherein eadi cutting dement has a pair of 
eods^ and inner and outer flanks that conveige to define a crest oriented transversely to the 
rotational a»s of the cutter, a portion of the outer flank beipg fonned of the super-hard 
material, and the cutting edge is recessed from the crest 

21 . The earth-boring bit according to claim IS wherdn the super-hard portion of the outer 
sur&ce projects b^nd the remainder ofthe outer sui&ce for eagagement with the sidewali 
ofthe bordtole. 
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5 22J 'nie 'eaitbrb(xmg1nt acconlajgto daim IS fi^ 
fanned aiOaoott the Guttii^ edge and framed of the sup^ 
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